Abstract
Introduction
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When noble metals are structured at the nanoscale, it is possible to engineer structures to 
32
There is growing interest in the incorporation of such plasmonic structures into optical of 'bow-tie' plasmonic elements into an L7 InP based structure operating at 1.5 m, with the 55 entire structure fabricated by EBL. Here, the bow-tie element was placed at various places in 56 the cavity to explore coupling between the plasmonic and the optical resonance, and it was 57 shown that the structure was able to undergo optically-pumped lasing [8] .
58
In this paper we report a hybrid plasmonic/photonic crystal system, in which we fabricate a
59
SiN based L3 nanocavity that contains a gold nanodisk dimer, with the entire structure 60 defined using EBL followed by a sequence of etching and subsequent deposition steps. Our 61 cavities operate at optical wavelengths (around 650 nm) and therefore may be able to couple 62 to red / NIR plasmon supported by the nanodisk dimer. We use our approach to explore the 63 effect of the nanoparticle (NP) separation on the wavelength and intensity of cavity mode.
64
Our preliminary measurements are compared with an FDTD model that indicates that a 65 confined cavity mode is able to directly excite the dimer plasmon. We discuss the 66 opportunities for the use of our structures in advanced photonic devices.
68
Methods
69
The structures that we have explored are shown schematically in Figure 1 
96
To explore the effect of the NPs within the cavities, we have fabricated and studied two types 97 of control devices. One control was based on an identical L3 cavity structure, however here 98 the metal NPs were omitted from the fabrication process. We also explored the optical 99 properties of the cavities after having deliberately removed the gold NPs. This was done 100 using a nitric and hydrochloric acid etch, leaving the cavity structure intact but having two 101 small holes on the cavity surface where the gold NPs had been.
102
All structures created were explored using optical spectroscopy. To excite the cavity / 103 plasmon resonance, a 532 nm diode laser was collimated and then focused through a 100X 104 long working distance microscope lens (numerical aperture 0.77) to a 2.5 µm diameter spot 105 on the cavity surface. Here, scattered light from the NP dimer was collected using the same 106 lens and passed through a polarizer and a long pass filter with a cut-off at 532 nm to reject the 107 excitation laser light. The light was then imaged into a nitrogen cooled CCD spectrometer. To 108 locate the cavity containing the gold NPs, a white light source was also used to illuminate the 109 surface, with a flipper-mirror placed into the optical path directing light into a CCD camera. The effect of the gold nanodisk dimers on the optical modes of the L3 nanocavity was 145 explored by comparing the emission from a cavity either containing a dimer, or from the 146 same cavity after the dimer had removed using an acid wash. Again, both FDTD calculations broadening of all modes (from around 3 nm to 8 nm), and (iv) a red-shift of mode M1. As we 155 demonstrate below, the predicted suppression of mode M3 results from the fact that it is 156 polarised in a direction parallel to that of the metal dimer axis (along the x-axis), and that the 157 region of its highest field amplitude (at the centre of the cavity) coincides precisely with the 158 gap between the two nanoparticles. At small particle separation therefore, coupling between 159 the E x field and the plasmon resonance is expected to be efficient, thus explaining its 160 relatively strong suppression.
161
Our preliminary experimental measurements therefore confirm a general suppression of mode To quantify the interaction between the nanoparticle plasmon and the cavity, we follow 174 previous methods [7] and explore modification to the cavity mode Q-factor in the presence of 175 the metallic NPs. In particular, we use the FDTD model to explore how the cavity mode Q-176 factor changes as a function of dimer separation for modes M1 and M3. We note that 177 previous work has confirmed that Q-factor is dependent on the relative orientation of the In contrast, mode M3 shows a clear relationship between mode lifetime and dimer spacing.
198
We find that Q-factor of mode M3 in the empty cavity is ~360; a value that is reduced to a 
207
We have also modelled the relative intensity of the E-field between the dimers when they are 208 printed onto the cavity as a function of their separation. Again, the cavity was resonantly 209 excited with a cw dipole at the cavity centre having an x-or y-polarisation to excite either the 210 M3 or M1 mode respectively. The simulation was run until the E-field amplitude as measured 211 between the gold nanoparticles converged to a constant value. Interestingly, we find that 212 without the cavity, the dipole is unable to directly excite the dimer plasmon. As can be seen in 
